Return to work five years after spinal cord injury inpatient rehabilitation van Velzen, Judith M.; van Leeuwen, Caroline; de Groot, Sonja; van der Woude, L. H. V.; Faber, Willemijn X. M.; Post, Marcel W.M. Take-down policy If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately and investigate your claim. Objective: To describe the proportion of people with spinal cord injury who returned to work 5 years after discharge from inpatient rehabilitation, and to investigate whether return to work is related to wheelchair capacity at discharge from inpatient rehabilitation. Design: Multi-centre prospective cohort study. Subjects: A total of 103 participants with acute spinal cord injury at 8 Dutch rehabilitation centres, specialized in the rehabilitation of spinal cord injury. All participants were in paid employment before injury. Methods: Main outcome measure was return to work for at least 1 h per week. The independent variables of wheelchair capacity were peak oxygen uptake (VO 2peak ), peak aerobic power output (PO peak ), and wheelchair skill scores (ability, performance time, and physical strain). Possible confounders were age, gender, lesion level and lesion completeness, and educational level. Results: The proportion of participants who returned to work was 44.7%. After correction for the confounders, PO peak (p = 0.028), ability score (p = 0.022), performance time (p = 0.019) and physical strain score (p = 0.038) were significantly associated with return to work. VO 2peak was not significantly associated with return to work. Conclusion: More than 40% of the participants were able to return to paid work within 5 years after discharge from inpatient rehabilitation. Return to work was related to wheelchair capacity at discharge. It is recommended to train wheelchair capacity during rehabilitation in the context of return to work, since the association with return to work is another benefit of the training of wheelchair capacity in addition to the improvement of mobility and functional independency.
Return to work (RTW) is known to influence quality-of-life of people with spinal cord injury (SCI) (1-4). People with SCI who are employed report a better sense of wellbeing, better health status, less health service usage and more social contacts compared with people with SCI who are not working (1-4). RTW after SCI is therefore important. However, RTW after SCI is not always achieved. Rate of RTW may vary between 21% and 67%, due to study design, definition of employment and differences in geographical location (5, 6) . In a recent review it was concluded that at least 12 months after SCI 40% of the people of working age returned to work (6). The rate of RTW appears to increase with time post-injury (5, 6). According to a study by Krause (7) mean time between injury and first post-injury job is 4.8 years, while mean time between injury and first full-time job is 6.3 years.
Many different factors are known to influence RTW; for example, level and completeness of the lesion (7-10) and age (7, 9, 11) . However, to be able to help people to return to work, it is useful to focus on factors that can be influenced during the (inpatient) rehabilitation process. In an earlier paper, we investigated whether successful RTW one year after discharge was related to wheelchair capacity (WC) at discharge from inpatient rehabilitation (12). Wheelchair capacity was determined by the ability to perform wheelchair skills and, related to that, physical capacity (13). The study showed that 33% of the people who were working before the SCI returned to work one year after discharge, and that RTW was associated with 3 out of 5 WC variables (peak power output, ability score and performance time) measured at discharge from inpatient rehabilitation (12). Peak oxygen uptake and physical strain score were not associated with RTW. However, measuring RTW one year after discharge from inpatient rehabilitation is relatively early, taking into consideration the known relationship between time since injury and RTW (5, 6) . It is possible that people were still receiving outpatient rehabilitation one year after inpatient rehabilitation. Moreover, it can be expected that people needed time to adjust to their new life at home. To obtain data on RTW at a later stage post-SCI and to confirm, or reject, our earlier findings, we investigated RTW and the influence of WC in the same cohort at 5 years after discharge. The aims of the current study were: (i) to describe the proportion of people with SCI who have returned to work and describe their working situation 5 years after discharge from inpatient rehabilitation, and (ii) to investigate whether WC at discharge from inpatient rehabilitation is related to successful RTW at 5 years after discharge.
MeTHoDS

Participants
The study was part of the Dutch Research Project "physical strain, work capacity, and mechanisms of restoration of mobility in the rehabilitation of persons with a spinal cord injury" (14). All participants who were admitted to inpatient rehabilitation in 1 of the 8 Dutch rehabilitation centres specialized in the rehabilitation of SCI between August 2000 and July 2003 and who fulfilled the inclusion criteria were asked to participate by their medical doctor. Inclusion criteria were: (i) having an acute SCI, (ii) age between 18 and 65 years, (iii) remaining or expected to remain wheelchair dependent, (iv) sufficient knowledge of the Dutch language to understand the goal of the study and the testing methods, and (v) no progressive disease or psychiatric problem. Participants were excluded for the physically demanding tests if they had cardiovascular contraindications or musculoskeletal complaints. After being informed about the study, participants completed a written informed consent. All patients participated on a voluntary basis.
A total of 225 people with SCI participated in the Dutch Research Project (Fig. 1) . of these participants, 171 were working 1 h or more before the occurrence of SCI. As in the former study (12), it was decided to include only those people who were working before SCI because most people who were not working were either retired or taking care of the household and, therefore, not expected to work after SCI. of the 171 participants, 68 dropped out of the study due to several reasons, such as having moved to another country (n = 1), having passed away (n = 21), not being able to be traced (n = 10), not being willing to participate any further (n = 21), not being able to be measured before the RTW analysis (n = 11), no longer fulfilling the inclusion criteria (n = 3), or changing day and night rhythm resulting in an inability to be measured (n = 1) (15). There were no significant differences in WC, and personal and lesion characteristics between the people who did or did not drop out of the study. The analyses in the current study were, therefore, based on the data of the 103 participants who were working before the occurrence of SCI and of whom it was known whether they were working 5 years after discharge from inpatient rehabilitation.
Procedure
The medical ethics committee of the Institute for Rehabilitation Research/Stichting Revalidatie limburg, Hoensbroek, the Netherlands, approved the standardized protocol according to which the measurements were performed. All measurements were performed by trained research assistants. The research programme included 6 measurement times from the start of active rehabilitation up to 5 years after discharge from clinical rehabilitation. In the current study 3 measurement times were included: working situation before SCI and demographic variables were determined at the start of active rehabilitation, wheelchair capacity and lesion characteristics were determined at discharge from clinical rehabilitation and working situation after SCI was determined 5 years after discharge from inpatient rehabilitation.
Variables outcome parameters were kept consistent with the previous published study to enable comparison between current results and those obtained for the same cohort one year after discharge (12).
Main outcome measure
Return to work. RTW was determined 5 years after discharge from inpatient rehabilitation with the item on having paid work (number of hours/week) from the utrecht Activities list (16). This questionnaire is a Dutch adaptation of the Craig Handicap Assessment Rating Technique (17). Participants were classified as either having returned to work successfully (RTW group, working 1 h or more per week) or not successfully (non-RTW group). This classification was based on the Dutch situation, in which working 1 h per week in paid employment is considered as successfully returned to work. A self-made questionnaire was used to examine the time between injury and RTW, the kind of job the participants were working in, the assistance to return to work received from the rehabilitation centre or other organizations, and the satisfaction with the assistance received.
Independent variables
Wheelchair capacity. because wheelchair capacity was determined by the physical capacity and wheelchair skill performance, variables of both were included in the study. The variables were determined at discharge from inpatient rehabilitation. As determinants of physical capacity the variables peak oxygen uptake (vo 2peak ) and peak aerobic power output (Po peak ) were included. both parameters were determined during a graded peak wheelchair exercise test, performed with a hand-rim wheelchair on a motor-driven treadmill (18, 19) . The drag-force was determined with a drag-test (20). Po peak could be calculated from the individual drag-force and treadmill belt velocity. First, two submaximal exercise blocks of 3 min each (separated by a 2-min rest) were performed with a treadmill inclination of 0 and 0.36 o , respectively. After these two blocks, the peak exercise test was started and the inclination was increased by 0.36 o every min. Depending on lesion level, the velocity of the treadmill belt was set at 2-4 km/h. The test halted once the participant could no longer keep pace with the velocity of the treadmill. The testing protocol has been described previously by kilkens et al. (19) and Haisma et al. (18) . The vo 2peak was defined as the highest value of oxygen uptake recorded during 30 s and expressed by ml/min/kg. The Po peak was defined as the power output at the highest inclination that the participant could maintain for at least 30 s and expressed as Watts.
Wheelchair skill performance was tested on a wheelchair circuit consisting of 8 items: figure-of-8 shape, crossing a doorstep, mounting a platform, 15 m sprint, 3% slope, 6% slope, 3-min wheelchair propulsion and transfer (13, 21) . each item that could be performed adequately and independently was assigned one point, whereas some items (crossing a doorstep, mounting a platform, and transfer) could also score 0.5 point (partially able). Summation of the scored points led to an ability score between zero and 8 points. In addition, the time necessary to perform the figure-of-8 and the 15 m sprint was registered and summed, leading to a performance time score expressed in seconds. last, a physical strain score, expressed as % heart rate reserve (HRR), was computed from the peak heart rates during 2 of the 8 items (the 3% and 6% slope items), the peak heart rate during the graded peak wheelchair exercise test and the heart rate during rest (22).
Personal and lesion characteristics.Age at the time of injury, gender, level of the lesion, completeness of the lesion, and educational level Fig. 1 . Flowchart of the participants before spinal cory injury (SCI) and 5 years after discharge of inpatient rehabilitation. 
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were included in the present study as possible confounders, since they are assumed to be related to physical capacity (18, 23) and RTW (1, 3, 7, 11, (24) (25) (26) . lesion level and completeness were determined at discharge from inpatient rehabilitation and were defined according to the International Standards for Neurological Classification of SCI (26). Lesion level was defined as either paraplegia (neurological lesion level below thoracic 1) or tetraplegia (neurological lesion level at or above thoracic 1). lesion completeness was defined as either motor complete (classifications A and b according to the American Spinal Injury Association Impairment Scale (AIS)) or motor incomplete (classifications C and D according to the AIS) (27). Highest completed educational level, classified as low (no or only lower (vocational) education), medium (high school) or high (bachelor/master), was determined at the start of rehabilitation.
Statistics
Descriptive statistics were used to determine the proportion of people who returned to work 5 years after discharge from inpatient rehabilitation. To detect possible differences at discharge from inpatient rehabilitation between people who dropped out and people who were still participating in the study 5 years after discharge, χ 2 tests were performed for the nominal variables gender (1 = woman; 0 = man), lesion level (1 = paraplegia and 0 = tetraplegia) and lesion completeness (1 = motor complete and 0 = motor incomplete) and for the ordinal variable educational level. A Mann-Whitney test was performed for the continuous variables age, vo 2peak , Po peak , ability score, performance time and HRR. Additional, similar analyses were performed to determine initial differences between the RTW and non-RTW group (classified 5 years after discharge from inpatient rehabilitation). Level of significance was set at p ≤ 0.05.
To answer the second research question, binominal random coefficient analysis (multilevel multiple regression analysis) was used (MlwiN version 1.10; Centre for Multilevel Modelling, graduate School of education, university of bristol, bristol, uk). The main advantage of this statistical method is that it can account for the hierarchical nature of the data, because the subjects were clustered per rehabilitation centre. The outcome measure in each model was RTW 5 years after discharge from inpatient rehabilitation (1 = working; 0 = not working). Separate statistical models for each variable (vo 2peak , Po peak , ability score, performance time score and physical strain score) were constructed because of the moderate to strong correlations between these independent variables (Table I) . To determine the individual effects of personal and lesion characteristics as possible confounders, each characteristic was evaluated by adding them to each model one by one. If the regression coefficient of the independent variable changed 10% or more (28) when adding age, gender, lesion level or completeness, or education level, this characteristic was considered to be a confounder and was added to the final model, as was previously described by Maldonado & Greenland (29) . because educational level consisted of 3 levels, 2 dummy variables were created with average education as the reference level. If either one or both of these dummy variables was identified as a confounder, both were included in the final model. To investigate which of the independent variables would be associated with RTW when fitted together in one model, a backward regression analysis was performed. The outcome measure was RTW 5 years after discharge from clinical rehabilitation. All WC variables that were individually associated with RTW were added as independent variables. All variables that were confounders in at least one of these separate models were added as confounder.
ReSulTS
Participant characteristics and the proportion of participants who returned to work
of the 103 participants, 46 were able to return to work (RTW group; 44.7% of the participants) and 57 were not able to return to work (non-RTW group). Reasons for not working were: being busy taking care of the household and/or children (n = 9), being retired (n = 4), studying in order to get work (n = 6), due to the SCI (n = 16), and other reasons not related to the SCI (n = 5). Seventeen participants did not express an opinion.
Participant characteristics of the 103 participants are shown in Table II . Educational level and ability score were significantly higher in the RTW group compared with the non-RTW group, HRR was significantly lower in the RTW group. The other variables of WC and personal and lesion characteristics did not differ significantly between the RTW and non-RTW group.
Working situation
Most of the participants (n = 70) who were included in the study were working full time (≥ 36 h/week) before injury. The median number of hours participants worked was 40.0 (P 25 : 36.0; P 75 : 55.0). Five years after discharge from inpatient rehabilitation the median number of hours was 20.0 (P 25 : 15.8; P 75 : 32.8): 10 people were working full-time and 36 people part-time (Table III) . before SCI there were 30 white-collar workers (performing mostly non-manual labour) and 73 blue-collar workers (performing mostly manual labour). of the 46 people working after SCI 38 people were white-collar workers (of whom 20 previously also had a white-collar job, 63.2% had a paraplegia and 52.6% had a complete lesion) and 8 were blue-collar workers (of which 6 people previously had a blue-collar job, 62.5% had a paraplegia and 62.5% had a complete lesion). In conclusion, 73.3% of the (previously) white-collar workers and 32.9% of the (previously) blue-collar workers returned to work.
For the participants who returned to work, median time from injury to RTW was 12 months (range: 3-72 months). Twentyone participants returned within 1 year after injury, 9 between 1 and 2 years, 6 between 2 and 3 years, 1 between 4 and 5 years and 4 participants between 5 and 6 years after SCI. The time from injury to RTW was unknown for 5 participants.
The question as to whether assistance to return to work was received from the rehabilitation centre was answered by 95 out of 107 participants: 14 participants received assistance, but 12 of these participants reported that this assistance was insufficient. The remaining 81 participants reported that they received no assistance from the rehabilitation centre. Twelve of them reported being satisfied about that, while 45 participants reported that they missed the assistance and 24 participants did not express an opinion. The question as to whether assistance to return to work was received from any other organization was answered by 93 out of 107 participants: 32 participants received assistance, but only 8 of these participants reported that this assistance was sufficient, 23 participants reported that this assistance was insufficient and 1 participant did not express an opinion. The remaining 61 participants reported that they received no assistance from any other organization. Eight of them reported being satisfied with this situation, while 34 participants reported that they missed the assistance and 19 participants did not express an opinion. oR: odds ratio; 10% HRR: per 10% heart rate reserve; n.e.: not entered; Se: standard error. Table Iv shows the included variables and the outcomes of the constructed models.
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lesion level, lesion completeness and educational level were confounders in the relationship between vo 2peak and RTW. gender, lesion level and lesion completeness were confounders in the relationship between Po peak and RTW. After correction for these confounders vo 2peak was not significantly associated with RTW, while Po peak was. Persons with a 10 Watt higher Po peak were 1.38 times more likely to return to work.
Wheelchair skill performance
lesion level and lesion completeness were confounders in the relationships between the variables of wheelchair skill performance and RTW. After correction for the confounders, ability score, performance time and HRR were significantly associated with RTW. Persons with a 1-point higher ability score were 1.63 times more likely to RTW. An increase, or worsening, of 1 s on the performance time gave an odds ratio of 0.88, so persons with lower, or better, performance time scores were more likely to RTW. An increase, or worsening, of 10% on the physical strain score gave an odds ratio of 0.71, so persons with lower, or better, physical strain scores were more likely to RTW.
Multivariate analysis
Po peak , ability score, performance time and physical strain score were associated with RTW and were therefore included as independent variables in the backward regression analysis. gender, lesion level and lesion completeness were added as confounders. only the independent variable performance time remained in the final model of this analysis.
DISCuSSIoN
The first aim of the current study was to investigate the proportion of people who returned to paid work 5 years after discharge from inpatient rehabilitation and to describe their working situation. of the participants who had paid work before SCI, 44.7% returned to work within 5 years after inpatient rehabilitation. Some of these participants seemed to return to the same working situation as before SCI, but for most participants their working situation changed: they were working part-time instead of full-time after SCI or returned to less physically demanding jobs (they changed from a blue-collar job to a whitecollar job). This last finding is similar to the results of other studies (1, 30, 31 ). In the current study RTW was determined 5 years after discharge from inpatient rehabilitation. At that moment mean time since injury was approximately 6.5 years (mean 2,383 days). The RTW rate of 44.7% found in this study is high compared with the RTW rates of other studies with a comparable time since injury. Tomassen et al. (1) reported a similar 48% RTW 4-6 years after injury, but after more than 6 years post-injury they reported 31% RTW. Tomassen et al.
(1) used the same definition of having paid employment as in the current study. Meade et al. (9) reported 18.7% RTW after 5 years and 22% after 10 years. In the study of Franceschini et al. (4) 29.5% returned to work after 6 years (mean), of whom 35.8% were not paid workers. only Schönherr et al. (30, 32) reported a higher % RTW: 67% 7 years (mean) after injury. The differences in RTW between the studies could be due to differences in the definition of RTW or to differences in culture and legislation. In addition, the inclusion criteria could have influenced the outcome. In the current study it was decided to include participants only if they were working before injury and if the working situation 5 years after discharge from clinical rehabilitation was known. except for the study of Tomassen et al. (1) , in the other studies not all the participants were working before injury. As a result, the percentage RTW of the current study could be relatively high compared with other studies. Comparing the RTW rate with that of our earlier study on RTW 1 year after discharge, the RTW rate increased from 33% to 44.7%. Most participants who were working one year after discharge were also working 5 years after discharge. These results indicate that RTW increases over time and that most participants were able to keep working over time. This increase of RTW over time was also confirmed in earlier studies (5, 6, 33, 34) . A possible explanation for this increase can be that people were still receiving outpatient rehabilitation one year after discharge from inpatient rehabilitation: they needed to be at a stable level of functioning first. Moreover, it can be expected that people needed time to get used to their new life at home (1). little time is left for work then. Five years after discharge, the rehabilitation process was finished for most people. In addition, 5 years after discharge people have had time to re-educate themselves if this was needed (33) . The process of, and time to, RTW might be improved by better assistance, given by the rehabilitation centre or any other organization (6, 26). Most people reported that they have missed some assistance during their process of RTW or that the assistance provided is not sufficient.
Wheelchair capacity
From the results of the study it can be concluded that RTWfound in this study does not prove causality, but it nevertheless suggests that the functional benefits of wheelchair training might translate into better RTW. Therefore, it is recommended to train WC during rehabilitation. Fortunately the training of WC is an important functional activity in most (Dutch) SCI rehabilitation programmes, dedicated to improving mobility and functional independency. In the current study, mean duration of inpatient rehabilitation was 207 (standard deviation 127) days. because all large Dutch rehabilitation centres specialized in SCI rehabilitation participated, it can be expected that the mean duration of inpatient rehabilitation is representative for the Netherlands. In case the rehabilitation period is shorter in another rehabilitation setting, possibilities for training WC during rehabilitation are decreased. In that case, it is recommended to train wheelchair capacity after rehabilitation if possible.
Study limitations
In the Dutch Research Project, people were not included if they were expected not to remain wheelchair dependent. Therefore, the participants of the current study might experience more disabling results of their SCI compared with the participants of other studies. on the other hand, people were not included if they had major complications or were not working before injury. As a result, the RTW rate of 44.7% may be an underestimation or an overestimation.
The focus of the current study was on the relationship between WC and RTW. other aspects of functioning, such as complications, social and psychological factors, could also influence WC (35), RTW and the relationship between WC and RTW. However, to limit the scope of this study it was decided not to include these variables. It would be interesting to include these variables in future studies to investigate the combined effect of all aspects of functioning and co-morbidities.
Conclusion
In conclusion, in the current study 44.7% of the included participants returned to paid work within 5 years after discharge from inpatient rehabilitation. The percentage of RTW is higher than RTW 1 year after discharge from inpatient rehabilitation in the same study sample. The reason for this may be because people had time to get used to their new life and due to reeducation. RTW 5 years after discharge is related to WC at discharge from inpatient rehabilitation. To improve the likelihood of return to work, it is recommended to provide training in WC during rehabilitation. because most participants reported that they did not receive (sufficient) assistance, it is recommended to improve vocational counselling and other support targeted at RTW. Rehabilitation centres can play an important role in this process due to their high level of knowledge of SCI.
